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Background: The aim of this project was to investigate the reliability of a new 11-item quality appraisal tool for
studies of diagnostic reliability (QAREL). The tool was tested on studies reporting the reliability of any physical
examination procedure. The reliability of physical examination is a challenging area to study given the complex
testing procedures, the range of tests, and lack of procedural standardisation.
Methods: Three reviewers used QAREL to independently rate 29 articles, comprising 30 studies, published during
2007. The articles were identified from a search of relevant databases using the following string: “Reproducibility of
results (MeSH) OR reliability (t.w.) AND Physical examination (MeSH) OR physical examination (t.w.).” A total of 415
articles were retrieved and screened for inclusion. The reviewers undertook an independent trial assessment prior to
data collection, followed by a general discussion about how to score each item. At no time did the reviewers
discuss individual papers. Reliability was assessed for each item using multi-rater kappa (κ).
Results: Multi-rater reliability estimates ranged from κ = 0.27 to 0.92 across all items. Six items were recorded with
good reliability (κ > 0.60), three with moderate reliability (κ = 0.41 - 0.60), and two with fair reliability (κ = 0.21 -
0.40). Raters found it difficult to agree about the spectrum of patients included in a study (Item 1) and the correct
application and interpretation of the test (Item 10).
Conclusions: In this study, we found that QAREL was a reliable assessment tool for studies of diagnostic reliability
when raters agreed upon criteria for the interpretation of each item. Nine out of 11 items had good or moderate
reliability, and two items achieved fair reliability. The heterogeneity in the tests included in this study may have
resulted in an underestimation of the reliability of these two items. We discuss these and other factors that could
affect our results and make recommendations for the use of QAREL.
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The Quality Appraisal for Reliability Studies (QAREL)
checklist is an appraisal tool recently developed to assess
the quality of studies of diagnostic reliability [1]. When
QAREL was first accepted for publication in 2009, no
other quality appraisal tool was widely accepted for use
in systematic reviews of reliability studies, and QAREL
was therefore developed to fill this gap. Since then, both
the COSMIN [2] and GRRAS [3] checklists have been
published. COSMIN, deals with the methodological
quality of agreement and reliability studies, whereas
GRRAS deals with the reporting of such studies. This* Correspondence: dr.niclucas@gmail.com
1Screening and Test Evaluation Program, Sydney School of Public Health,
University of Sydney, Sydney, Australia
Full list of author information is available at the end of the article
© 2013 Lucas et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
waiver (http://creativecommons.org/publicdom
stated.paper focuses specifically on the evaluation of the reli-
ability of QAREL.
QAREL is an 11-item checklist that covers 7 key
domains, those being the spectrum of subjects; the
spectrum of examiners; examiner blinding; the order
effects of examination; the suitability of the time-interval
between repeated measurements; appropriate test appli-
cation and interpretation; and appropriate statistical ana-
lysis. Using this checklist, reviewers are able to evaluate
individual studies of diagnostic reliability in the prepar-
ation of systematic reviews.
QAREL was developed in consultation with a refer-
ence group of individuals with expertise in diagnostic re-
search and quality appraisal [1]. This panel identified
specific areas of bias and error in reliability studies totd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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quality appraisal tool. Systematic reviews of reliability
studies were also examined to identify existing quality
appraisal tools [4-10]. In addition, the STARD [11] and
QUADAS [12] resources were reviewed for additional
items not already identified. Using an iterative process,
members of the panel reviewed the proposed items
and reduced the list to those considered essential for
assessing study quality.
We also developed an instruction document and data
extraction form for use in systematic reviews [1]. The
data extraction form is to be used in conjunction with
QAREL to help systematic reviewers extract relevant in-
formation from primary studies.
It is necessary to evaluate the reliability of QAREL,
where reliability is a measure of the chance corrected
agreement between different reviewers who independ-
ently rate the same set of papers. The aim of this study
was to investigate the inter-rater reliability of each item
on the QAREL checklist. The reliability of physical
examination was chosen as the topic area for this study
as there is high variability in the performance, interpret-
ation and reporting of physical examination procedures,
and this provided a challenging context in which to
evaluate the reliability of QAREL.
Methods
Three reviewers (NL, RM, LR) participated in this study
designed to evaluate the inter-rater reliability of each
item on QAREL. The University of Sydney Human Re-
search Ethics committee granted approval for the study.
All reviewers were qualified health professionals and
had experience in physical examination procedures. Each
had experience in the critical appraisal of research pa-
pers, and had participated in formally reviewing papers
for systematic reviews. Two reviewers (NL, RM) were in-
volved in the development of QAREL.
A search of MEDLINE, CINAHL, AMED and SCO
PUS was conducted to locate papers on the reliability of
physical examination published from January 2007
through December 2007. The search string used to
locate potential papers was “Reproducibility of results
(MeSH) OR reliability (t.w.) AND Physical examination
(MeSH) OR physical examination (t.w.). No limits were
placed on the source title for the published paper, nor
on the type of physical examination procedure reported.
A total of 415 records were retrieved and screened for
potential inclusion in the study. Only articles that
reported on the reliability of physical examination proce-
dures were included. A total of 29 articles, comprising
30 studies, were retrieved and included in this study
[13-40].
The reviewers received basic written instructions
regarding the use of QAREL [1]. Each item on thechecklist can be rated as ‘Yes’, ‘No’, or ‘Unclear’, and cer-
tain items can be rated as ‘Not Applicable’. Reviewers in-
dependently performed a trial assessment of each paper,
followed by a meeting with members of the reference
group involved in the development of QAREL to estab-
lish baseline criteria for the interpretation of each item.
At no time did the reviewers discuss individual studies,
which ensured that each reviewer remained blinded to
the opinions and findings of other reviewers for each
study. Reviewers discussed the general interpretation of
individual items on QAREL and outlined general areas
of ambiguity for certain items.
Following the meeting between reviewers and the ref-
erence group, each reviewer independently rated each
paper. Reviewers were not permitted to communicate
about the checklist or about the individual papers being
reviewed. Completed data collection forms were retur-
ned for reliability (κ) analysis.
Analysis
Data were analysed for reliability using kappa (κ) for
multiple raters [41]. Each response option was recorded
as a category, including ‘unclear’ and ‘not applicable’.
All computations were performed using STATA 8.2
(StataCorp TX, USA) Kappa is a chance corrected meas-
ure of inter-rater reliability, and ranges from −1 to +1,
with +1 being perfect agreement, –1 being perfect dis-
agreement, and zero being agreement no better than
chance. In this study, kappa was interpreted as unreli-
able (κ < 0.00), poor (κ = 0.01 – 0.20), fair (κ = 0.21 –
0.40), moderate (κ = 0.41 – 0.60), good (κ = 0.61 – 0.80)
and very good (κ = 0.81 – 1.00). A 95% confidence inter-
val for kappa was computed using the test-based stand-
ard error. For this study, reliability was considered
acceptable if it was moderate or higher.
Results
The estimates of multi-rater reliability for each item are
presented in Table 1. The multi-rater scores for individ-
ual items ranged from κ 0.27 to κ 0.92, with one item
reaching very good reliability (Item 3), eight achieving
good or moderate reliability (Items 2, 4 – 9, 11), and
two reaching fair reliability (Items 1, 10).
Reliability of each item
Item 1, regarding the representativeness of subjects, was
reported with fair reliability (κ =0.27). The reviewers
identified “subject representativeness” as a difficult item
to rate because each paper in this study presented a dif-
ferent diagnostic test procedure. Under normal circum-
stances, the scope of a systematic review would limit the
number of tests making it possible for reviewers to iden-
tify and agree upon appropriate criteria thereby making
judgments for this item more straightforward. In this
Table 1 Multi-rater reliability for reviewers rating of 30 studies of diagnostic reliability using QAREL
Item Item description (abbreviated) Subsequent evaluation
κ 95% CI
1 Was the sample of subjects representative? 0.27 (0.11, 0.42)
2 Was the sample of raters representative? 0.59 (0.43, 0.74)
3 Were raters blinded to the findings of other raters? 0.92 (0.76, 1.00)
4 Were raters blinded to their own prior findings? 0.78 (0.62, 0.94)
5 Were raters blinded to the accepted reference standard? 0.66 (0.49, 0.82)
6 Were raters blinded to clinical information not part of test 0.51 (0.37, 0.64)
7 Were raters blinded to additional non-clinical cues? 0.59 (0.39, 0.78)
8 Was the order of examination varied? 0.71 (0.58, 0.84)
9 Was the time interval between repeated measures appropriate? 0.69 (0.50, 0.88)
10 Was the test applied correctly and interpreted appropriately? 0.35 (0.18, 0.51)
11 Were appropriate statistical measures of agreement used? 0.73 (0.54, 0.92)
κ = multi-rater kappa. 95% CI = 95% confidence interval.
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studies were classified as “No” by all 3 raters. Two raters
agreed on “yes” for 12 studies, “No” for 3 studies and
“Unclear” for 1 study.
Reviewers also expressed difficulty rating Item 2, re-
garding the representativeness of the raters. This item,
however, achieved moderate reliability (κ = 0.59). All
three raters agreed on “Yes” for 15 studies, “No” for 2
studies and “unclear” for 4 studies. Two raters agreed on
“yes” for 5 studies, “No” for 1 study, and “Unclear” for
2 studies.
For Item 3, reviewers reliably reported whether the
raters in a given study were blinded to the findings of
other raters. This item, which only has relevance to studies
of inter-rater reliability, was reported with very good (κ=
0.92) reliability. All three reviewers selected “Yes” for 18
studies, “Unclear” for 5 studies and “Not Applicable” for 5
studies. “No” was not recorded for any study.
The purpose of item 4 is to identify if raters had any
prior knowledge of the test outcome for a particular sub-
ject before rating them in the study. There are two pos-
sible situations in which this might occur. First, in
studies of intra-rater reliability, the rater may recall their
findings from the first ‘rating’ when they rate the subject
a second time. The second possibility is that the rater
may have performed the test on a subject prior to their
enrolment in the study. For example, subjects may have
been recruited from the rater’s own list of patients, and
the rater may recall examination findings from their prior
assessment of the patient. This item achieved good reli-
ability (κ = 0.78). All three reviewers selected “Not Applic-
able” for 20 studies, “Yes” for 5 studies and “Unclear” for
one study. “No” was not recorded for any study.
Item 5 concerns the blinding of raters to the results of
the accepted reference standard. This item achieved
good reliability (κ =0.66). All three reviewers selected“Not Applicable” for 22 studies, “Yes” for 2 studies and
“Unclear” for one study. “No” was not recorded for any
study.
Item 6 refers to whether raters were blinded to clinical
information that was not intended to form part of the
test procedure. This item was found to be moderately
reliable (κ=0.51). All three raters agreed on “Yes” for five
studies and “Unclear” for 13 studies. The remaining re-
sponses were spread across all categories.
The purpose of item 7 is to identify if raters had access
to non-clinical information that was not intended to
form part of the test procedure. Reliability may be
influenced by the recognition of additional cues such as
tattoos, scars, voice accent and unique identifying
features on imaging films. The reviewers discussed that
they could think of a large number of potential ‘add-
itional cues’ that might be important for each study,
and found it difficult to judge this item without
predetermined criteria. Reliability for this item was mod-
erate (κ = 0.59). All three reviewers classified 22 studies
as “Unclear” for this item and three studies as “Yes”.
Only a single reviewer selected “No” for a single study.
Item 8 requires reviewers to consider the order of
examination and if it was varied during the study. This
item was reported with good reliability (κ = 0.71). All
three raters agreed on “Yes” for 10 studies, “No” for one
study, “Unclear” for 7 studies and “Not Applicable” for 3
studies.
Item 9 considers the time interval between repeated
test applications. This item achieved good reliability (κ =
0.69). All three raters agreed on “Yes” for 24 studies and
“Unclear” for 3 studies. Only a single reviewer selected
“No” for a single study.
Item 10 requires reviewers to consider if the test has
been applied correctly and interpreted appropriately.
This item was reported with fair reliability (κ=0.35).
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that each study reported a different physical examination
test. Under more typical systematic review conditions,
only one or a small number of related tests would be
reported. All 3 reviewers selected “Yes” for 23 studies
and “No” for one study. A single reviewer selected “Un-
clear” for 4 studies, “Yes” for one study and “No” for one
study.
Item 11 requires reviewers to consider if the statistical
analysis used was appropriate. Reliability for this item
was found to be good (κ = 0.73). All three reviewers
agreed on “Yes” for 26 studies and “No” for 2 studies.
Discussion
In this study we evaluated the reliability of individual
items on the QAREL checklist in the area of physical
examination. We found that the majority of items were
reported with either moderate or good reliability, with
two items achieving fair reliability. From these results,
we consider that QAREL is a reliable tool for the
assessment of studies of diagnostic reliability, and we
emphasize that reviewers should have the opportunity to
discuss the criteria by which to rate individual studies,
as is typical in the preparation of systematic reviews. We
also recommend further studies to evaluate the reliability
of QAREL as used by different examiners and in differ-
ent contexts.
As mentioned in the background, COSMIN is a re-
lated tool and has also been published and assessed for
reliability [42]. COSMIN was developed to evaluate the
measurement properties of health measurement instru-
ments, of which reliability is one property, whereas
QAREL was developed to specifically evaluate reliability.
COSMIN has been evaluated for inter-rater reliability
[42] in a study comprising 88 examiners who used
COSMIN to rate a total of 75 papers. Of the 14 COSMIN
reliability items, good reliability (κ = 0.72) was achieved
for one item, and moderate reliability (κ = 0.41-0.60) was
achieved for 5 items. For the reliability of items on
QAREL, 6 of 11 items had good reliability, and 3 had
moderate reliability. The QAREL and COSMIN reliability
studies differ markedly in their design, however, which
makes it difficult to compare reliability between the items
or constructs that they have in common.
Four main factors should be taken into consideration
in the interpretation of the results. First, reliability of
physical examination is a challenging area to investigate.
Physical examination procedures are subject to variabil-
ity in both test application and interpretation. In
addition, many of the disorders that are evaluated by
physical examination procedures do not have an ac-
cepted reference standard by which to confirm test
results. This absence makes it difficult for reviewers to
determine if any differences observed in repeated testoutcomes are attributable to real changes in the under-
lying disorder, or variability in the test application and
interpretation. For example, Item 9 is concerned with
whether the time interval between repeated applications
of the same test was appropriate, yet this knowledge can
only be determined by application of an accepted refer-
ence standard. This example highlights the need for re-
viewers to agree upon criteria for rating this item prior
to undertaking reviews of individual studies.
Second, this study is atypical because each of the arti-
cles reports the reliability of a different physical examin-
ation procedure, with no two articles reporting on the
same test. This introduced an unusually high level of
variability in this study in terms of the test procedures,
type of patients or subjects, type of examiners, and types
of disorder. Under normal conditions, QAREL would
more likely be used to evaluate a group of related pa-
pers, each reporting the reliability of the same test in dif-
ferent patients groups and as performed by different
examiners. In that context, reviewers would establish
agreed criteria by which to rate each item on QAREL,
prior to evaluating the papers. This study, therefore,
evaluated QAREL under challenging circumstances, and
this may have led to lower reliability estimates.
A third factor that should be mentioned is that the es-
timated reliability (kappa) for each item is affected by
the distribution of responses across the available cat-
egories for that item. A large imbalance in the number
of responses across categories, as occurred for item 10,
can result in a low estimate for reliability (kappa) even
when observed agreement between raters is high.
Lastly, this study comprised three reviewers and 29 pa-
pers reporting studies of reliability in the area of physical
medicine. Further evaluation is warranted to assess the
reliability of QAREL in other contexts, and the effect of
training. A larger study would provide scope to investi-
gate the effect of reviewer experience and training.Conclusion
In this study, we found that QAREL was a reliable as-
sessment tool for studies of diagnostic reliability when
reviewers had the opportunity to discuss the criteria by
which to interpret each item. Reliability for 9 out of 11
items was moderate or good, and fair for 2 (items 1 and
10). The results for these two items were likely affected
by the heterogeneous group of papers evaluated in this
study and the challenges inherent in the field of physical
examination. If reviewers utilize QAREL after agreement
on the criteria by which they will make judgments for
each item, they can expect the tool to be reliable.
Further testing of the reliability of QAREL in different
contexts is needed to further establish the reliability of
this tool.
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